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BACKGROyHD__OF_THE__INVENTION 

.0 Field_ol_the_Ir^^ cata lyst composition and 

This xnvention relates components of die- 

S££ia£2USS-a2a-ESiS££^ elthaust is a hetero- 

As is well-known, dresel eng Unt . 
ge „eous material which contains ; not on y 

20 ants such as carbon mono. crd < CO > ^ both . 

bons ("HC"), but also soot P*"^* organic 

dry , solid carbonaceous traction and a ^ 
traction. The soluble organi uhich 

£e rred to as a volatile organic f«cti < ^ ^ 

25 terminology -ill be used herein. ne 

ature of the diesel exhaust. Dlat inum group metal 

• „ ratalvsts comprising a pxai-x»« ^> 

Oxidation catalysts y supp ort are known 

30 dispersed on a refractory metal oxi P ^ ^ 

<~ ^ ^« cSt ^^e^pollutants and particu- 

to convert both HC and CO g cataiyzing the oxidati on 

lates, i.e., soot P article *' * ide and water. One 

of these pollutants to -rbon dioxide ^ 

35 problem faced in the -"^^^slx fuel. Upon 
presented by the presence o and the oxidation 

combustion, sulfur for*, » d ^ nlfate .- ) with subse- 

catalyst catalyzes the SO ? to S0 3 ( 
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quent formation of condensible sulfur- 

sulfuric acid, which condense u impounds, such as 

the mass of particulates. xL suTk^s T™* ^ ^ 
activated alumina supports t f alSO react with 

3 render acti^ ^^2^. S^T ■ 

^,r~^r u - s - patent 4 ™° r - 

c seq ' devious attempts to deal uH<-k <-u 

J"" 3 " 0 " ««"- i-el— the incorporata^ of lal 
amounts of sulf^o-r.^ ^ F uon ot large 

oxide into £ ^t^LT"^' ** Vanadi - 

support materials such , ' " ^ USE ° f alternative 

titania. whion are ulf e-^^t'^f ^ ' SUi " - 

«- P^^ art also L^^™ 1 '- 
zeolztes. including metal-doped zeolites tf, * ° f 

15 exhaust. For example, U.S. Patent , \ Ill's « 1 
filter for diesel exhaust, in which rhf ! dlScl °=" • 
strained to flow throuoh *h exhaust is con- 

soot particles. A catalyst ^ tD tilter the 

metal-doped zeolite I ^^T" 1 "" " Pl * tinUm 9r ° u *> 

- ter to catalyze oxidation oTtne s"" 3 "! 

ter. tne soot fc o unplug the fil- 

the ex^ailt'f 1 ;"":™ l" T *• treat 

" tion, such as the initial ™m 5 te ">P«ature opera- 
tion. because ^^^^^ ^ op- 

oTn\xI^^^ 

k»o.„ in the art to LI T T ° tWs end ' " » 

3° may be a !eol „/"" UQe . a " ads °rbe„t material, 

which 

'» «der to ads o ; b VZl^Z^ —m 
bons. and retain the. ^^1^7.1 J 
iod. as the exh flI ,^ initial cold-start per- 

sorbed hydrocarbons al aS d temPeratUre ""eases, the ad- 
35 iected to catalytic treatIT "" 0rb "* ^ «*" 

In this regard se" JIT V* th * «*« temperature. 

-ch disclosed ;c^™t e he U -u S se P :ri t^ 25 '" 1 
-tal-doped zeolites as low temperature^!!™! 
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sorbents as wel! .. oxidation catalysts. 

SIIMHM" » — - p ; es ent invention. 

Generally, in accordance wit th P ^ 

Cere is provided a ""^^ Tesei engine exhaust 
oxi dizing oxidizeable cogent o ^ ^ o£ 
in -hich at least some of a ^ imoem „ materials,^ 
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in which at least some of a innocuottS materials, 

th. diesel exhaust is converte ^ may also be s i„- 

and i„ which gaseous HC and P inve ntion are at- 

Uarly converted. The °£ e f " eS COTprlsin , a catalytic ma- 
nned' by an oxidation cataly f P sur£ ace area ceria, a 
serial comprising a mixture o Mi g^ ^ 
zeolite and, optionally, a h 9 loading of 

catalytic materia! ^f/ ^/^reon or palladium 
piatinum catalytic meta *^ rSe Rlte rnatively . or in 
catalytic metal dispersed J*« e ° composition may be 

addition, the zeolite of j*^7 catalytic moiety such 
doped, e.g.. ion-exchanged, « » copper , uicKel. 

as one or more of hydrogen on. P ^ ^ 

, cobalt, iron. etc. Th -t ^ # g _ the 

tained by flo-mg a diesel u „ t truc k, into 

„ , rtiesel-powered automobile or ^ c ata- 

tio „ there is provided "^^ining a volatile or- 
a diesel engine exhaust ises a refractory 

g anic fraction, which .^"^ ^ o{ . catalytic ma- 
carrier on which is dlsp ° S f" a "Effective amount of eer- 
30 terial comprising a cataly e££ec tive amount of 

ia and, optionally, a «^ C £aC e area of at least about 
alumina, each having a BET sur 25 m « /g 

X. mVg. Preferably a -^^ ample , Beta zeolite or a 
to 200 m'/g. and a consisti „g of v-seolite, 

35 zeolite th ^J[ t . 1 and mixtures thereof 

pentasil (e.g., 51, » invent ion, the zeolite 

!„ one aspect of the P" se characterized by 

comprises a tnree-dimensional 
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pore openings whose smallest cr 0s «= 

at least about 5 Angstrom and h, ^ 0 " 1 dimens -n is 

minun, atonuc ratio <»SiAl V 9 * Sil±COn to 

« t oi.ai atomic ratio'M 
5 ' e.g., a si:A] a tio , of greater than 

in another aspect of th ^ ^ 5 t0 400 ' 

Prises fro. about 1Q ™ invention, the zeolite com- 

70, percent by -ight t^'af^- Y abOUt 20 to 

- 5, p referably frtm abo : t 1 0 U,n t 1 o na 20 COmPriSeS £ ~ 6 ° 
and the ceria comprises f rom *h P^ent by weight, 

10 from about 50 to 20, percen T bv * 

-i 9 ht of the oolite: thTalum^^' ^ 

^t another aspect of th" * Ceria * 

-lite to be doped with a Tt^T^ f ° r 
changed or imprepnat.H . „7*u -T . ■ m ° lety ' ion-ex- 
>5 al-contai„ in g species J e "* « -ith a neutral met- 

»f =ne or more of hydrogen pL™" th * ^roup consisting 
ruthenium, osmium. Lid!™' P * atlm "»- Sodium, palladia... 

-d v anadium . preferably ; n :T b r ' f , ir0n ' " iCkel < 
lr °n- y ' " e ° r both « Platinum and 

20 Still another aspect of «,„ 

the refractory carrier has I T T^ 1 ™ Pr ° Vides th « 

"ow passages e*tendi„ 9 therethro °' Para " el °* h ™" 

sage „ alls on „ hich 9 ^J**™"* — defined by pas . 

further comprising either ItsT T*"*** " C ° ated ' a "d 
23 the cetalytic material" * Pl * tinUm car " ed - 

aoout 60. e.g.. o.! to a °' ount <" from about 0.1 to 

aspersed palladium L ^~ V M " *' « 

entity of from about 0 " to 200 " CalytiC « • 

9'ft\ tD 200 ' Preferably 20 to 120, 

!0 -entL 3 ™^^:^ ~ " «- -sent 
•« engine exhaust stream co r" meth ° d ^ Creati "o • die- 
fraction, the method X * V ° latile ° r9a " ic 
«y of the catalyst compositions h " 9 ^ •«* 
• Sizing conditions iBel ££ above under ox- 
oataly 2e oxidation of at least ten,PeratUre nigh enough to 
ic fraction. For example the teT °' °" «»— 
stream initially con J ^ ^"T""""™ °* ^ 

" the oetelyst composition 
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may be from about 100°C to 800'C 

DEFINITIONS 

Rs u sed hare ln and in the dais*, the folXowing terns 
s shaU have the indicated ^anrngs . ^ o£ 

Th e ten. "BET surface are has ^ 
referring to the Brunauer »-t Te^ ^ otheruise 
termining surface area herein to «» surface 

■^r. ~e " :ther — ent refer to the 

10 area or a ceria ' 

BET surface area. . its USU al meaning of 

-«-r-™ "artivated alumina nas 

or more of Y » 9 ana ° mM ns that 



15 



20 



25 



re of y-. B" a "° i .; r :;: v effective amount" means that 
The term "catalytically effectl f£ect the 

- -stir: -■==■= jsssi » - •- 
"™"»--'Hr :r::r"-r." ,r,:^:rr,::;. 

ture of the exhaust, test gas o exhaust, 

Z tir: -ped. - to refer to a reoiit. 
d oped with a metai or hydrogen, and the term P ^ 

hydrogen moiety is mco p dispersed on the sur- 

, . ~ Hictinauished from being dispell 

zeolite, as distinguish e i„«ificant degree 

£ace o£ che reoUte -lite is 

within the pores of the ion . exchange techniques in 

pr h e£ ; rabl /eoirtn %%£r«»~ — * =— ion — 

which a zeolite r P provide hydrogen 

fining -«l cat- ^-^^ ^ 
ions,, or the zeolrte p ^ 
tion. However, the defined e.g.. one 

technique .fo. -incorpora —.etai-containrng species 

zz^^- — - -Tofcirioirrt^ro: 

cially by exchange or replacement of cations 



30 
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lite* 

The term "washcoat" refers i-r, 
-9 of a serial. such as the c «alvtiT ^ 
present i„ vention , dim * ™ ate «^ «* the 

Reference herein or in the c i a i m c - 
bein, in .. bulk . £orm ^ to ««« or alumina 

10 present as discrete , " ° r alu ">i"a is 

«e. of very Laii s^e I T ^ - 

ter or even smaller. ,1' ° " iCrons in dia »«- 

in solution o™ Lto LOT 86 " " haVi " 9 diSpe " ad 
thermal stabilisation of C ° mP °" ent - "ample, the 

15 alumina as described in B T! Par " Claa < b »l* ceria, with 

t.e alumina helnTdt^ t T Z^^T *" " 
does not provide t-h- eria Particles and 

provide the dispersed alumina in "bulk" fr,™ 
-e as discrete particles of alumina. 
The abbreviation "Tra« • 
20 analysis. which is °" ! £ ° r the ™°9ravimetric 

"eight loss, of a sLoT " 1 * ht Ch " 9e 

and/or time The Z " * £U " Cti ° n ° f temperature 
uxuie. xfte abbreviation "DTfl" 

tial thermal analysis, which is ! dif£are »- 

heat emitted , exotherm , t V "" SaSUt ' e ° £ the a, "° unt °* 

25 Pie as a function of Tin T° " (a ***f> by a sam- 
nction of temperature and/or time. 

9 lne ^~^J^^=^^=Sr-« the en- 
30 ically in T.B^xI"^,^^ 16 '< •«= *«* numer- 

unction of catalyst inlet temperature;' ^ ^ " * 
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mt of the reduction of the total mass 
Figure 4 is a plot of the „ a fu nc- 

o£ particulates (TMP) for samples E 

ti on of catalyst ^^Z' ^ emissions for sam- 
5 ple s *r:J C-3 andTor^treated exhaust as a function 
of catalyst inlet temperature ; and c0 con- 

FigU res 6-9 « ^.fj c _ 4 of Example 2: speci- 
version for samples E 2, B 

fically; nal .. DhaS e hydrocarbon conver- 

10 6 " 3 ^ ca°tal 9 y t inlet temperature at 50,000 

sion as a function of cataly ^ ^ 

space velocity for samples drocarbo n conver- 

Figu re 7 is a plot : < &t 90 , 00 0 
sion as a function of cataly ^ ^ 

15 space velocxty for samples E , ^ ^ ft function of 

Figure 8 is a plot of SO ve locity for 

catalyst inlet temperature at 90,000 

sam ples B-2, E-3 and C-4; rsion as a function of 

Figure 9 is a plot of CO veloc ity for 

20 catalyst inlet temperature at 90,00 

— P - * S am P ie « 

of Example 5. 

DETAILED DESCRIPTIOH OT THE IHVEHTIOM 
^^Wp^PREFERRE^_EHBpDIMEHTS_T^^E^^L_^ 

exposition whrch x , effe ^ ^ to j. 

exhaust. P""" 1 " 1 ^ content of the exhaust. The 
30 particulates and HC and J=° COBpo „ent o£ diesel en- 

carbonaceous particulates , . oot ) P ^ con , prised 

gi „e exhaust is. as d " cttSSe * J*°^ culste5 and a volatile 

of relatively dry carbonaceous part rcu ^.^ 

organic fraction rvDP" -P^rn^ h^ ^ 

3S hydrocarbons resulting fro present in 

d Iesel fuel and ^*"^! r ~ 1 ^ % hase or a liquid 
the diesel exhaust as either vapr P o£ ^ „. 

phase, or both, depending on the tercpe 
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°r treat the dry, solid cubjT'"' 1 ' " to re »°^ 

nent of the total particuiates T°" PartiCUlat « oo„p„- 
it is the vor cogent :hi Ch e M y - 
5 ".oved by conversion via uti, ■ " "° St e£fecti «ly re- 
lyst. Therefore in ord! i " ° f 0 " d «ion cata- 

lates discharged so as to „e ^ Mrti — 

eminent regulations concerning preS6nt and Ending Gov- 
particulates. the vol«ilT """" all °"*Me total 

10 portion thereof. nust " oxioTT " « lea « ■ 

by being contacted with an o h in "° CU ° u * «, — H, 0 

*We reaction conditions The ^ ^ »- ' -"1 

limits for i»„ on Hc „ Q The re 9mred U.S. Government 

total particulate e mi ssions"r^!? ""^ ' " N °- " > a "« 
15 haust have been largelv L " 1Mel en * ine ed- 

ifications. ror ^171* co T le en9ine desi9n 

cfanged fron, ,,,, standards but th^ N °" ""^ P ~ 1 » 
"HI be reduced fron, the 19,, , , limlt °" Tp " 

horsepo„er-ho„r , -g/ H P-hr"i I T "* 9 ""' s 
20 oxidation catalysts of S JJL!\ l0 ." / "*" br - Althou 9h the 
Ployed as a diesel exhaust S^LT""" 0 "' 
t-e for effectuating a reduction !" al y". *re *«ec- 
they are also capable ei T * tDtal Peculates, 

"on of Plati„„ m P 0 ":; h ;; P ! a C ! a "l'." i " <*• optional addi- 
25 below, of providing the added h " " es " ib °« 

a portion of the „c end CO eo f™"^* ° £ a l=° oxidizing 
Ponent of the diesel Engine k *" the 9aSa °- — 

fur compounds are present L'th SUl£ " ° r 

Qoantities. p i atin P „, ITlZ^lT^ " 
30 amounts so as not to pro™" the " *" ""^ 

3ive oxidation of so to " "' e un ^"ted effect of 

exces- 

Further, the 2eo lite component of th. 
txon as able to trap hydrocarhn , Present inven- 

otherwise, during P e r iod s k m ° leCUles wh ^h might 

35 t iveiy cool . escape L^ Jer/^ ls 

believed that the trl ri °" ^ Cata1 ^- It is 

within the -oute or re le as y e d r °r rb0nS ^ ^ ° Xidi ^ 
the temperature of the 1 ^ 26 ° lite only when 

catalyst composition is high enough 
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to ^actively catalyse oxidlon o t the trapped 

bons, or both. ^ aT - acte ristic of the present in- 

A basic and novel catalyst compoS ition 

vention is believed to resxde x zeo lite and, 

5 comprising the definec J^^^t*. optional do P - 
optionally, alumina, and one cataly tic metals, 

ing of the zeolite and ^spersal ion and in 

the use thereof to treat d ^ ^ alumina 

As noted ^ OVe ; a t c h e e a b rea k o r at least about 10 mVg, 
may each have a surf c area o lly , the bulk 

for example, at least a *£^£ f r J aho ^ 120 to 180 
alumina may have a surface area of ^ 
m Vg and the bulK ceria may have a surface 

15 about 70 to ISO oxidation catalyst composition 

The fact that a dxesex o component 
. ain activated alumxna as a ma}or u f 
which may contain actxva in itself SU rprxs- 

thereof has proven to be succe " f art that alumi- 

ing , in view of ^~^\li;^: n catalysts, must be 
20 na, if used at all xn dxesel o ^ ^ ^ 

a lD w surface area > e ^ ^ re > ractory me tal oxides 
conjunction with sulfate re nonetheless 
such as zirconia, titanxa or o£ the pres - 

been found that in accordance^ Composition com- 
25 ent invention, ^ area ceria, a suit- 

prising a combination of hxgh surf a alumi na, 
able zeolite, and, optionally, hxgh snrt^J ^ 
provides a catalytic mate a so as to 

the oxidation of the volatil 9 particulates xn 

3„ provide a significant ^f^^ot adsorbing and cat- 
aiesel engine exhaust and is capabX Jt should 

alyz i„g the combustion considers refr actory 

be noted that the prior art gene " ^ catalysts to be 
base metal oxides used in diesel o ca talyticaUy 

active metals sucn as v catalytic materxal 

the present invention teache t a «^ ^ 

comprising ceria and, optionally, 
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high surface area (in m 2 / 

persed on a surtab I caVrLr ^ ^ "° Ut - dis " 
fective diesel oxidat^ ' ^'^ " d 

attaint tt'olot? f ° Und bene " Ciai are 

ladium in the catalvs t ^P 0 ™""" °* P^inum or pal- 

added to the catal'tf " Plati " U " ° r Palladium is 
Lne ca talytic composition ii- 

ceria-aiomina-zeolite catalvt^ ce "a-zeolite or 

Particulate emissions, "e^er pTt ■ redUCi " 9 
catalytic metal nor the platln ™ ™ palladium 

-e zeolite appear ^TAlZ^Z T " *~ 
particulates conversion. the rate of 



20 Ihe_Zeplite 



^tio T ror:; F it : n e Tr c y :a d crs:: s i both to catai - e «- «- 

*ri»9 periods „ f VOF molecules and, 

«ap gas-phase hydrocarbon, te " ,perat » re °Peratio„, to 

« the zeolite has been "0^ with """^ P °""- " 

als or hydrogen, the tr!on I 6 "° re c "alytic met- 

b -ught ^\^z:::z ct 9 zT:r h ^*- - 

tive cations which facilit!! ^ "^""lly ac- 

tons. In any case 12 T nidation of the hydrocar- 

» r of the ^xrsr^r^r to retain 

« release the ^Z^t^"^ fT"""*' - 
been heated to hiaher , M 6 catal 7st has 

3S tures impart su £ cle^ en^TC^h 

-lecules to enable t h e»\Te 0^^^^""^ 
also enhance oxidation of th* h * 2eoll te pores, but 

- catalyst. The zeol^ iE^ST^ J? 
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which traps hydrocarbons during P*«^= . and r e- 

t»per»tu« oxidized by the 

Tb^ca rrier .Substrat e! invention should be rela- 

'TTth respect to the catalytic composition 
tively .nert with respect carr iers are comprised 

10 dispersed thereon. The P~*«« d cordie rite, c-alumina, 
o£ ceramic-me mater a £ £ spod „ aluni „a- 

silicon nitride, zirconia or of refractory 

silice-megnesie or zirconium "^^^ are pre fer- 
metals such as stainless steel_ Th *< ^ or 

IS ably of the type sometimes ™ f «"^ " body , dually 
mo nolithi= carriers, comprising a o£ £i ne, 

cylindrical in -nf i^rat- bav n . p 1^ there . 
substantially parallel gas flow P carrier to 

through and connecting both '"^^.^eh monolithic 
2 „ provide a ^Tr more flow channels 

r/t r^jr^ , ^^ t ^ - - — 

25 per square inch rcpsi ). following examples re- 

while this discussion and the „ a ll-flow 
lat e to now-through type carrxe. o „ carrlers 
carriers , filters , -V also be use d ^ 

9 Tth a the ^""ct onThaf each channel is blocKed at 
30 oneVnd^Aarrier body, ^^l^f^ 
blocKed at opposite end-faces. Wal c ^ 
spates and the support coating d eposite ^ ^ 



35 

ture 
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The Ca talytic Material 
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The ceria-zeolite or ceria-alumina-zeolite catalvi-^ 
material may be prepared in the form of an a o 
of ceria, alumna (optional, and zeolite particles thl 
particles optionally being impregnated with the pl^H 
or palladia- catalytic me tal component i f one Is to be 
dispersed on the catalytic material, and the zeolite 
optionally be doped e a x ■ zeolite may 

aopea, e.g., may be ion-exchanged with sel- 
ected cations. The slurry is then applied to the carrier 

.na and zeolite particle' ^^-1^^- 
acidxfier such as acetic acid, nitric acid or sulfuric 
acxd and ball milled to . desired particle 

P-U^^^^^^ ^ or 
parsed onto the ceria and -oLte^cIesVol^e 
Mrla ' alun,lna •>" d "olite particles. In such case th» 
«r,a reolite and optional alumna act „o l" ' M t 
lysts in their own right but also * 

tional platinum or palladium catalytic meta^o **" 
.Such platinum or palladia™ ^rT^TLl^tu 
™t to be confused with the optional ratals - wh!ch "ay 
be among others, platinum and/or paIladlun , . J^J^ 

STc.^.T b Y° Ped ^ to "" ~-- °' otherwise as 
uiscussed in more detail hoi^,! 
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— / » 

ceria particles or both the ceria al • M ° WeVer ' the 

it ma „ , Lne ceria ana alumina particles 

ma V be impregnated with a c,n> a Ki D n ^- ***"icAes 

J« the cer.a or cJllZ^XT^TTt^ 
reduces the amount of platinum and/or palladium dispersed 
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.urface of the zeolite particles, thereby 
onto the outer surface ° f ial dispe rsed on 

increasing the anount relativ e to the 

th e high -^-^^^J C t L optio nal dispersed platinu* 

2e0llte -, In letal My * added to the ceria-zeolite or 
5 or palladxum metal may , as , e . g ., a so- 

ceria-alumina-zeolite catalytic soiu tion serv- 

Xution of . soluble ^^~%Z£IZ». parties 
ing to impregnate the and the zeolite, if 

(or . coating thereof on the carriej ^ . mpregnated 

X. present at this ^ the pl atinum or palladium 

components .nay then be ^ ^ ^ calcinatlon 

fixed thereon. Fixing m y c . fide or by other known 
or by treatment with hydrogen "^f^^. {orm . su 
„eans. to render the metal in water s 



Suit- 



me ans, to render the foregoing process 

l5 abie piatinum ionium platinum 

include potassium P 1 *""™ lnun nydr oxide and 

thiocyanate. amine -solubilised^^ ^ ^ ^ 
chloroplatinic acid as ^ phas£ of „ se 

calcination, or at least during are converted 

20 of the catalyst, -h -pound ' ^ pl , tinum meta l or 
into the catalytically active analogs ot the 

its oxide. Palladium nitrate or p de 
aforementioned platinum compounds may 

palladium. zeolite used may op- 

» DOPed b Tped h convirtionax acid treatment to 

tionally be dope «£» (orm or by conventional 

convert the zeolite to the c a ta i y tically active 

ion-exchange ^^J" zeolite, or by any other 
metal cations for ca "°" S tne catalytic metal or 

30 suitable technigue whic q£ the zeolite . (Con- 
ceals or hydrogen within the po ^ ^ ^ an 
ventional acid treatment of a zeoli o£ ^ 
acid hydrogen, form o t e ze ite^ ^ ^ 
pression. referred to h ""^ uith MtaXs , conven- 
35 hydrogen. I For doping the * eo " re peated flushing 
clonal ion-exchange techniques n c^-J^ ^ carried 
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s -1 adhere ^^^^r 8 ^. 

pore,, e ve„ if ttle conventional ion .J^** 1 " t * , .» 1 «' 
repeated exc„a„,e= of the solution with the te ' hni9Ue of 
carried out. other teehni„„„ zeolite is not 

« the .etals are lu^TSL^LH " ^ 

» lite pores. The conventional ^ or ^ 2e °" 
catalytic m0 iety used to dope zeolite I """"^ th * 
prefix for the , e „n t „ ■ » zeolite by using it as a 

claims. Th„ s !„_„"! " f ° ll0Wed he "« and in the 
of Hordenite J a „""!" C * t " the £«» 
» — tes an iJ^STSS ""f^ V^"*" 
-tes an iron and piatinu-doped Bet! J^ltTZ.^- 
Preparino The Catalj I r , 

opon the carrier substrate «dT ? W1 " de P° si ^d 
-ere the cataiytic s,at"ial to th "^"^ *° ad " 

oispersed pu«L» or pai ladlum T ^ "» 

revert the piatinun, or Palled"! " C ° 

2S -tal or its oxide. The zeolit! n TT " elemental 
have been doped with one or Partlcl « «V optionally 

^nation of p^t.nu™ a nd/ o r ZZ ZIT ' ^ 3 <=°"- 

- dope the oolite with hydrogen i "J" " 
acid for™ of the zeolite Provide an 

10 Piied w t h : n a c s h : ic c ::r e y h tic ™" eriai ~ -p°-nt is ap . 

above, the ™ of chTc^ *" Ch " 

pressed herein and in the claT'" eon ™*"»«Y ex- 
Per unit voiu^e of c« a lyst Z ^ ° £ c -*°~* 

5 the presence of different sizes of "a^lT 

voids provided bv diff.,™ . catalyst composition 

«ow passage di^ It £ ^c""^ 11 9» 
« units are used herein^ in^o^o ex- 
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per cubic foo ( ^ [ ^ ingr edients. such as the 
q uantity of the sparing y applications, 
plating meta . . For W^^.^ catalytic ma- 

£rom about 0 25 to about - ^Irrie/substrate. 
0.25 to about 3- opt ionally also Include from 

The catalytic *„„ about o.l to 15 g/ff of 

about 0.1 to 60, preferably r pre ferably 
dispersed platinum or fro* pa Uadium. The 

fro. about 20 to 1 0 g/ t ^ ^ ^ 
oolite may <*"»" 11 »£ B a * out , to 60 ,/ft' of precious 
g/ft . of metal. ^V*™ 200 g/ft = D £ base metal or 

B etal. and/or from about 0.1 to « £orni . The 

the zeolite may be converted to its hyd 9 fcy _ 
conversion to hydrogen form may be a 5 to 
droqen exchange, narticular theory, 

„ Without wishing to *J£t£tLE\o explain the 

applicants offer the following yv e ex _ 

superior performance. ^ ^^^a-zeolite cat- 
haust. of the ceria-zeolite or cer « is be . 

n rt^err/hrt ^tt^-« 

S r of Tsefor vapors — are close to the ^ 
• rinse to condensing to a liquio, 

point, i.e., close to part iculates at the con- 

adding to the VOF portion of the p .. pot ential 
ditions obtaining in th exhaust PP ^ ceri a-alu- 

30 particuiates" condense condensation being 

m ina-zeolite catalytic "eterials , " e knQwn phe . 

^, w , rAnillarv condensation eixecu, 
enhanced by a C * pU ^ illar , ike actio n facilitates con- 
nomenon in whxch a capillary H 

densation of oil ^"J^^^u and alumina 
35 size of the hig surfac a ^ ^ 

components of the cetaly tion ^.^ ^ ^ VQ Gen . 

th 11 the surface area of the ceria and op- 
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tional alumina, the smaller i s 

haust temperature increases duri ^ *' AS the 
-posed on the diese l en 9 I„ e t L "T™* ^ ^ 
liquids (condensed VOrT^^T^T^ hydr ° Carbon 
5 ceria.alum.na component o ^ ^ " 

volatilize, at which ti™ -k Catal y tic material and. 
ria or the ceria catalytic effect of the ce- 

terial, which provlde numerous "tLe ,^" ^" 0 
cracking effect att»i„»H u ac tlve sites, and the 

10 surface of the \eo\ic" l ° f Cna V ° F <*th the 

-e.. co^tL 2 : 0 ^ r ctnT: t 9 : h 7r se r idation - 

tilised hydrocarbon ,vof, vapors s 

the vapors re-volatiliz J f " l£ a P ro P°"ion of 

^s t ed. the cracKtn 1 tLTvo'r c C ° ndenSate *' "* ~ 
15 hydrocarbons on the'outer surface ITZ^ "'"^ 
the total an-ount of condenses so that T 
ticulates output fro- the diesel' „°, ^ 
further reduced. i„ this rd " «~««tly 

ria-alu„i„ fl component of the cata[vtf """" ° P Ce " 

20 lieved to act as a tr T Catal >' tlc "«terial is be- 

or condensible vop duri„= * """^ for "Sensed 

e-aust. and volatiiLes the voP^nd" rV"" °' 
atively hot phases. The leo llZ ! dU " n9 rel " 

cool phases of the exhaust h SerVes ' during relatively 
25 components and retain th.„' ° ^ 9as -0 hase hydrocarbon 
the plat ln „ B or other", ,0^"^""" ™»* 
of the 9 as-phase „c are attained Z " ^ — 
the ceria-zeolite or ceri, P ° r ° US n ° tUre of 

terial is also beloved to M " K ° UtC catalytic „a- 

30 VO F throughout ^ZllTJllZl/rTTT^ °' 

'»9 relatively iow ten,™,-,,.- cructure - thereby facilitat- 
ed the vor upon "craTse T 9 " if icati °" — "Nation 
-ting higher engLe a inc^seT^ " ^ 
tore, cycles. The presence of s,^/ " 9SS tempera - 
35 cantly adversely affect t^ ! ^ 
- cer ia-aWna- Jolite cllZT^ °' *"* 
ticulate emissions. Catal *«c "sterial to reduce par- 

^nerally, other ingredients M y be added to the cat- 
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n of the present invention such as conven- 
alys t composition of the prese ^ 

tional thermal stabilizers for the stabilizat ion 

eart h ^ f ^^- ^alumina to Militate against 
of high surface area car cata i yt ically ef- 

5 phase conversion of these oxides ^ art# 

fec tive low t ina is not usually 

although the - a \ S ^ s ; a 3 e 0 rvice .herein exhaust temper- 
needed for - ^; han gasoline . fueled en- 
sures are stabili2 ers .ay be incorporated into 
10 gmes. Sttch .™~ the opt ional bulk activated alu- 
the bulk ceria or into £* J alumina) particle s 

mina C ; r sol ^ le compound of the stabi- 

' i for example, an aluminum nitrate solution in 

li2 er G ; ulk ceria . such impregnation is 

15 the case of stabilizing u impregnated ce- 

t hen followed by drying and calcining the imp * 

ria particles to convert the ^"V^^Ju. A 
.herein into alumina, to thermally stabilize t 
suitable technique is shown in ~ incorpo rated by 

20 c.Z. «an « =1 .the di sclosur o _ ^ 

re£e r n i e th h I r ! l i q lo -isp r iot o £ an aluminum compound 
nated with a liquid o p „, uble aluminum compound 

an aqueous solution a aluminum OJ[y - 

such as aluminum al and calcin . 

, 5 Chloride, alumnium ace tate etc. Af J q£> 

hours, tne - n effective thermal stabil 

30 rr/r ti: - 

rla "„ addition, the catalyst composition, 
tio„ may contain other catalytic -9-dients sue 
ba se metal promoters or the liKe. "^" invention 
. ^.. lvst composition of the present 
35 meat the catalyst co P ^ ceria 

consists essentially oniy surface area 

and the zeolite, and, options ly the h - 
alumina, preferably present in the weight p 
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Examples A and B show typical methods of preparino 
metal-doped zeolites which are useabie as components 
the catalytic material of the present invention. 

o 

Example A 
Preparation nf re-Beta Zeolite 

(Fe-Blta^ 6 ^" 9 SamPle ° f ir ™ h -ged Beta 2eo lite 

soLTL 2 To ^:^; r z:i ty 111 suifate - 

hour at a temperature of 70°c to 80°c. The resulting 

;rs,~: .r;,:.-r. srs ;::.v 

in the following Exempts. «ol lt e catalysts used 

Example B 

a , Pre P a ^tion nf P t-FP-Beta Zen ii ro 
solution was prepared usinn n k/i 

mine piatinum chloride I 500 ml water t , I , T™" 
of Rof, , . ,,A water / to which 100 orams 

ot Beta zeolite was added Tho m «. v *- grams 

auuea. me mxxture was stirrer? for- o>» 
hours at room temperature so that olat^ rred for 24 

sodium ions in the zeolite material T 

filtered and washed with 2 ' Sl " rry then 

cined at 5<0°c. The result^ Cal " 
changed Beta zeoilte ZTtt 9 ° plati " u "> *<•■— «- 

sulfat* h , S the " ""-"changed with iron [II, 

sulfate by adding the zeolite to a solution of iron (llj 

nrr:; i° 17 9rams ° f iron 1111 « °° 

„„, • The sol "t"n was allowed to stand for about 1 

r uitin chen stirred at '°° c r ° ^ *» > i-Sr L 

dr ed v y filtered ' — »"h water, 

.20 c and calcined at 540°c. On a dry basis, the 
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10 



following Examples. 

SE T 5E T%h«» oresent invention was 

A . a „-i r rr -^°; 0 r 0l r t : „«> . ca^- 

prepared by coding a "oneyco ^ ^ balR alu . 
serial comprised of . « ^ 0 . 83 g/i n> alumina- 
„ina to provide 0.84 ,/» T The non- 
stabilized ceria and 3UDStr ate measuring 9 

eycomb monolith was a cordie ^ 400 cpsi . 

inches in diameter by 6 ^ 2 . 5 g/ft > or platinum. 

The catalyst material also pr on che alumi- 

three other catalysts were pre- 

B . ror =°»^" S ° n ' ""three otherwise identica! 

0 pared to provide a series ff**^ „ talytic B aterial 

compositions «"»»£' t ^.., hav in, platinum dis- 
but no zeolite ; « ^ loadings of these compara- 
persed thereon. The P , platinom . Each 

rive catalysts were 0.0. 0.5 a ande rcoat at a 

25 comparative catalyst comprised a y ^ ^ lay _ 

ioadin, of 1.0 ,/in plus „.,„ g/ in> alu- 

er comprised of 1.05 <> /i ; Y alumina _ stab ilized ceria con- 
mina -stabilized ceria T ^ ^ coni)ined 

rained 2.5 weight percent alumina disp ersed 

30 weight of bulk ceria and «* b ^" 9 „ , inches dia- 

rnerein. The catalysts were coatee o ^ ^ 
..eter by 6 inches ong 400 cpsi ^ ^ ^ 

used herein, "cpsi" is an abbre paS sages per 

squ are inch, denoting the number of gas ^ 
35 square inch of face area of the su . 
catalyst samples were ^f^, «. a ,„.s g/ft> 
num. aged 24 hours as desc " B /tt > plat inum, aged 

platinum, aged 25 hours) and C 3 (2.0 



WO 94/22564 

PCT/US94/01926 

-20- 

24 hours ) . 

5 Mch " «°des 2.6 and 8 l t t he Eu" 9 20 m " Utes 

cle Test Procedure <ECE r , 1 PM " Thi «een Mode Cy- 
*est Procedure .I"^',^" "° de This 
engineers Pubiicacion. ^5^7,^* ° £ *"°» ti ve 
International Congress I^lffff-f 22 ^ ' P"Mi«hed at the 

10 Fei ™rv ». through March 4 T 98e rV Detr0it ' M1 ^"- 
« 1- The disclosure of this ^ * V h * 0r » 1 ° M " c °™ tti 
rated by reference herein ZT, ^ U ™°™>- 

the date of TABLE I- B and rijres Ts^T"* *° 
samples were aged 24 or 2< „ 6 three catalyst 

15 Cu»i„ s 6BT turbocharged diesT "."^"^ -o™ on a 
displacement and rate at 23 l '" 9 ™ a 5 " 9 "ter 

and test purposes, the e„ui„! hOrSep0 " er - For both a 9 i„ g 
«»-05 weight perc nt sulfur, u^ l ~ ^ 

using test -odes selected f State editions 

- Thirteen Mode Cyel^t 

The engine conditions f or the , 
^erage ( f 0r five run c^.™ * GSt mode * ^ong with 
baseline emissions ( of * ^ temperatures and 
in TABLE l- A . ""treated engme exhaust, are shown 

25 

TABLE T-A 
Cummin 6BT 230 HP Turbocharged 
Diesel Engine 5 q t h. ■ 

30 Engine Cn, ^ tions — 

Test Average 
2°*e_No :L rn,,, T % ^ Catalyst Inlet 

io 128±16 

35 10 2515 l 0 214 ± 3 

4 1609 " 338 ± 4 



6 



1509 100 ,- ~ 

8 2S15 ±UU 549+5 

ioo 5?1 - 
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TABLE I-A (Cont. ) 
Cummins 6BT 230 HP Turbocharged 
Diesel Engine, 5.9 Liter Displacement, 
SteadiJ*ate_C^^ 




Test 



Average Emissions (g/bhp-hr) 1 



TPM VOF HC 

Mode No. _ TPH - " ~ 

10 — ___ 0.078 1-04 

2 0.265 0.137 0.541 

10 0.151 0.047 0.212 

0.146 0.023 0.103 

0.221 0.016 0.099 

IS g Q091 0.010 0.122 

" i graI „s per brake horsepower hour 




20 



25 



The conversion activities of each of these catalysts 
was evaluated in selected steady state modes of « 
r 49 Thirteen Mode Cycle Test Procedure using a 1991 

6BT (6 liter DI/TC) engine after approximately 24 
Cummxns 6BT ( l £« above> Tne exhaust inlet tem- 

h ours aging rate for the conversion of 

perature and the conver hvdrocarbon s and carbon 

VOF , TPM (total particulates), hydrocaro 
monoxide were measured for various modes of the 
are set forth in the following TABLE I-B. 



TABLE I-B 

30 p pk Thirtee - ""^ r.ycle Test 

"'" Cat. inlet % Removal 

VOF TPM HC _CO„ 
209 72 63 31 1 

!i! 60 27 32 



DOC Pt Load- 
Sample is/ft 3 ) JL_ < C " > 



335 

35 399 62 



18 38 18 

-40 44 27 



547 84 
572 79 -181 39 -4 



WO 94/22564 



10 



15 



20 



25 



30 



35 



PCI7US94/01926 



DOC pt Load. 
Sample (q/ft 3 ) 
5 C-2 0.5 
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TABLE I-R/Pnn^ } 
ECE Thirteen Hod P f>cle T^i- 



Mode Cat. Inlet 



C-3 



2.0 



E-l 



2.5 



g 


Temp* 


I 1 VUr 


TPM 


2 


215 


oO 


45 


10 


343 


58 


28 


6 


549 


91 


-64 


8 


O 1 u 


80 


-201 


1 


1Z / 


56 


52 


2 




61 


61 


10 


"5/1 1 
•34 1 


53 


31 


4 




61 


22 


6 


554 


89 


-60 


8 


572 


79 


-200 


1 


121 


55 


75 


2 


217 


83 


63 


10 


338 


66 


37 


4 


425 


61 


-1 


6 


552 


90 


-72 


8 


557 


70 - 


172 



EC 

27 
41 
56 
62 

37 
39 
74 
82 
78 
71 

72 
61 
72 
81 
79 
74 



CO 

. 6 
63 
85 
45 

-1 
8 
86 
87 
95 
70 

3 

6 
86 
87 
95 
77 



drocarbon removal in tho i levels of gas-phase hy- 

c u r t r: cJi - - - 

y L 3) - At higher temperatures e a „ ^ 

above, gas-phase hydrocarbon conversion rate! / , 
E-l were comparable to sample C-3 b , t 
rior to samples c-1 and C 2 1 markedly supe- 

-ocarbon convers iL^^ ~S IT^sT ^ 

i^t™ regimes ' is ---- - lt-iit 

S : ; sample E Ta°: d t e h COnVerSi0n ^ «- 
sample E 1 and the comparative sample C-3 as 

-11 be readxiv appreciated from Figure 2 , Ldicatlng that 
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the addition of the iron-Beta zeolite did not 
hav e an effect on carbon monoxide -vers e cxency 
The overall VOF removal performance of sample E 1 was 
slichtly better than any of the comparative samples. Fig 
5 ure 3 graphically illustrates VOF conversion efficiency of 
catalyst E-l and comparative sample C-3. 

Example 2 
catalyst Comprising Fe-Beta Zeolite 
and Platinum o n a'nmina and Cerxa 
10 A , j , ~ h catalyst component co-prising platinum dis- 

persed' on Fe-Beta zeolite and on ceria was prepared as 
follows. Two hundred grams of Fe-Beta zeolite containing 

num hydroxide solution was added to the ™' * 0l ^*_ 
by acetic acid to precipitate the platinum "billed to 
t «ed 0.029* by weight. The slurry was further 
20 reduce the particle size so that 90 percent of the parti 
cles have a diameter of 12 microns or less. 

,2, separately, a similar platinum salt solution 
was slowly added to 650 grams of ceria having a BET sur- 
face area of .43 mVg that had previously been impregnated 
Trl 2 5* bv weight alumina stabilizer (basis, weight of 
" leria plus alumina stabilizer, by a conventional technique 
of impregnating the ceria with a solution of » 

5 cc of acetic acid per 100 grams of solids to the Pt/ce 

iemLture. The Pt/ceria mizture was milled in *° 
that 90* of the particles have a diameter of 12 microns 
« less to produce a slurry having 47.8% solids. 

,3) Portions of the. two slurries of parts ( Hand 

(2) were mechanically mixed to produce a slurry comprising 
h ut 50* ceria, 50* Fe-Beta zeolite and 0.029* platinum. 



15 
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1" ^"f 9 " ' dry ba = isl - * P««i« of the mixed slurry 

atr « !s„°rr i9ht " 10 °° C " a " a " d then -W- in 
air at 450 c for , hour. A portion of the dried, calcined 

powder was made into a slurry and coated onto a cordierite 
uTe ' nCheS ^ diameter ' 3 inche = — hav „ 9 

400 cpsi, at a loadinq of 1 0 a/in 3 mi.- . 

xjiy oi i.u g/m . This washcoat land- 

i:i hit, d 0 - 5 r £t ' o£ piatinu - The ^ 

was dried and calcined and designated E-2. 

10 A catal y" was prepared fron, a sl urry coniDris . 

t^eTpM^ 5 °i PartiCl6S ' ——ring cLL^! 
ticles, platinum-bearing alumina particles and Fe-Beta 

Iron T r rtiCi6S : i * e -' B6ta ZSOlite ^—changed with 
-on. These particles were prepared as separate slurries 
before being mixed together. slurries 

(2) The slurry of platinum-bearing ceria particles 

Iu a rfa P c r e ePared ^ ^ having a bet 

described a^ " * '* ^ * * ati ™ ^ SOi ^ion as 

described above in Dart AM \ + * • 

-din, of 0.03S* up'on c^r^h : r 

T m :™;; iiea to an — — — - £. 

(3) The slurry of platinum-bearing alumina parti- 
cles was prepared by impregnating alumina having a BET 

L n "it v 150 : " with a piatinum sait ^»«« to 

I ! b " Uel9ht Plati "- «t-l "P°n calcination. 

tnan pa r:i:::„; ere mmed to an a — parti -' — 

Pared SL^tTS"" '""^ ™ 

of less than 12 microns P " tiela » 1 » 

mixed toLTl £ ° re90i " 9 three -» mechanically 

3 Tit 6 T" «-"»««• slurry yielding 33.18% ceria, 
Fe-Beta zeolite n =,1 
35 by weiaht rrtr-v ' 33 -*8« alumina and 0.058% platinum 

by weight (dry basis,. The composite slurry was coated 
onto an oval-shaped honeycomb monolith having cross sec- 

Tn2T e T a Z S ° f 3 ' 18 X 6 ' 68 inChGS ' * ^ Of 3.1 
inches and 400 cpsi, at a total loading of 2.5 g/ in > 



20 



25 



30 
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„f o 84 a/in 3 alumina, 0.83 g/in 3 ceria, 0.83 
T/i" -set eo ite \ nd 0.0014 ,/in' univalent to 2.4 
^.platinum. The catalyst-coated hone ycomb career 

. ^ ^r- »t 100°C and then calcined at 450 C for 2 

nSted E ^', Fe-Beta zeolite having 1.65 weight percent 

ir cn was made ™ rv ?£^~^VZ«- 
, abont 90 percent o coated onto . carrier 

„ons or ess. The si y ^ ^ 

monolith 1.5 incnes in uj. -.1 fined at 450 c 

having 400 cpsi. The coated carraer was calcined a 
in air tor 1 hour and had a washcoat loading of 1.0 g/» 
5 (d ry basis,. This sample was designated C-4 . 

C The catalysts designated E-2, E-3 and C-4 were 
tested' in a laboratory diagnostic reactor for oomparxson. 

r inlet scream of the ^^^^^TJT^ 

ppm heptane measured as c 4.5 CO P ^ 

HO. 200 ppm CO 10% O .10. : , - the ' cata lyst were 

temperatures of the test 9** 

975 350, 425 and 500°C 

The results of the diagnostic laboratory reactor 
The resu Fiqures 6-9 show that the catalysts 

25 tests as set forth in Figures exhibited substan- 

of the present invention, E-2 and B 3 exhx 

did the -.-—-—r;-: 

30 (C-4). Furthermore, E-2 gave Derte 

ipice having a lower Pt loadi ng < 0 5 vs. 2 g ft ^ 

is aiso r^rcoTon::: ricfiv::; d id «. — 

- „ ona five CO conversion due to partial oxiua 
35 ing net negative CO co nig her concentration 

up to form CO in an amount to give a nxy 

in catalyse ontlet stream than in the inlet stream. Fm- 
a^ly the catalyses of the present invention e.hib.t very 
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low SO, oxidation levels due to the low Pt loading/ indi . 
eating control of sulf ate-maxe by the catalyst which would 
otherwise contribute to particulate emissions. Z «seT 

5 ,»svM h " r ° U9hOUt tWs =PP"catio„ space velocity 
5 ( sv , has the usual meaning of the volumes of the exhaust 
stream or test gas. measured at standard conditions of 

the P ca r t 7* PreSSUre ' PaSSi " 9 tbr °°' h th <= of 

colt H , ""P-ition (the dimensional volume of the 

coated honeycomb monolith) per hour. 

Example 3 

Catalyst Comp rising Pt geO, ,_pt^ 0j and Fe . Be ^ 

prepared * " talySt to the present invention was 

prepared by coating two differently configured honeycomb 

rj^r Jr^rL^r — r - 

m—y 1 : In h"™ b£l °" ~ 11 " -h a e n s A i n di dL°! 

2o - ~ip err-:—: £~ ^rr- 
:r:as°o n f a ov M a e r ede : Ben2 2ood "»«*"■ - — :l: be - 

low was of ova! configuration and measured 3.03 inches bv 

-78 rnches (minor and major axes of the oval fac", ov 6 
inches long and had 200 cpsi. This ! . 

an "H-type carrier". Both the I-tvJ d6S19nated 
25 type carrier were coated with 2 5 ITJZ^ "t "" 
orisina ni k i_ 9 of a w ashcoat com- 

9 v WG19 alUmina - st ^li-d ceria and 34% by 

Ind ^ ? " Wlth Platinum Aspersed on both the cerL 

::;r as described awe «• - 

ing 1.65% lron by weight. The washcoat yielded a 
inum loading of 2.5 a /fi- 3 r^*-- yielded a plat- 

the ceria „L V Platinum distributed equally on 

Beta ll i • there WaS n ° P latinum on the Fe- 

Beta 2 eoli te . These catalysts were each designated 



35 enr B * A . SeC ° nd P air of catalysts according to the pres- 

: in ::r ion was prepa ~ d - — in Part A a : 0 P e 

P r; P ir using an and o ne 

Carrier - e ^cept that the platinum loading 



WO 94/22564 ^ 



-27- 



was 10 a/ft 3 dispersed equally on the ceria and alumina 

no'platinu/on the Pe-Beta zeolite. These catalysts 
were each designated E-5. 

c (1) a comparative catalyst was prepared by coating 
jJl ' i.r with 2.5 o/in' of a catalyst washcoat 



»„ M-tvoe carrier with 2.5 a/in' of a catalyst was 
consistfn, of «« by weight aiu.ina-stabili.ed ceria hav- 
a BE^urface area of U, -V, and 5« by werght 
w-^™ a ret surface area of 150 m /g- ^ c 
0 aly cTas pre; red " separately impregnating bulK alua^na 
° Z ceria with an amine-solubilized P^^HS 

lde solution, ^^^.srri^r^ S 

and milling the particles to a size or p 

particles having a diameter of 12 microns or less^ The 

15 two slurr.es were then blended to provide a 50 > 

slurry which was used to coat the honeycomb carrier. Tn 
: U S hcoat yielded a platinum loading - 2,^t egua ly 
dispersed on the ceria and alumina. This catalyst 
signated comparative sample C-X. 

20 (2, Catalyst pairs respectively designated C 5 and 

C-6 were prepared as described for catalyst C-X, i.e.. two 
C- Tables. 'one on each of an A-type carrier and an M- 

typ e carrier and two C-. ^Z^l^ ^ 
and an M-type earner, except that the 
25 were 5.0 g/ft J on the C-5 samples and 10 g/ft on 

Sa " Ple n, A commercial catalyst material comprised a 
washcoat of 85-90% by weight alumina. 5-7% by weight vana- 
dium oxide and >-2* by ^J^^X. 

incnes xouy ratalvst wa s designated 

g/ft 3 of catalytic material. This cataiysr 

C-7. 

35 D The catalysts of parts A. B and C were tested for 

hydrocarbon conversion. CO activity and SO, «™™ US " 
iL the exhaust from an Audi 100 automobile having a 5 
cylinder 2.5 liter, direct in je cted/turbocharged engine 
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with intercooling and exhaust gas recycle and „ m 
Ben, 200O automohile having a I cylind^ T 0 
direct mooted/naturally aspirated engine. 

The tests were conducted using a chassis dynamometer 
for TIT" 5 mea ™ nt instrumentation and techniques 
CO n^ror 5 "^: 6 h *™"*»» carbon 

le e ° X 65 N ° x) ^ t0tal P-ticulates (TPM) . 
The emissions evaluation test used was the European 
transient test known as Cycle "A" tk- . European 
two parts. The first- ' 6St consis *s of 

lower loads Ind T' ^ Part ' iS cha racteri 2 ed by 

ond v~ d t\ "^r^r^^ than the sec - 

i^xtra Urban Drivmo Cvr-1 ^ \ 
are measured for each of i-h* e y le,i Emissions 

eacn of these parts of the tMi- *. K 

:::: n ;~ r;r:r r ined to -sl 

y test. Emissions are exDre<?«H i„ 

grams/kilometer (g/km). expressed m 

The results of the Cvcle a 
tart p tt « , <~ycie A tests are set forth in 

TABLE I I -A and TABLE II-B. 

TABLE I I —A 

T est Results for Au di 100 Die ^ Automobile 

Carbon 

„ „ Hydrocarbons Monoxide 
Test Cata- p t Load. 



Particular.!**; 



25 ECE 



None 
C-5 



C- 
E- 
E- 
C- 



-6 
-4 

•5 
7 



1.0 



EUDC 



None 
C-5 



C- 
E- 
E- 
C- 



-6 
•4 

■5 
7 



5. 
10. 

2.5 
10.0 
40.0+ 



5.0 
10.0 

2.5 
10.0 
40.0+ 



0.95 
0.71 



3.05 



0 
0 
0. 
0. 

0. 
0. 
0 



67 
. 18 
. 19 

.46 

13 
09 
09 



25 
29 
81 
80 
52 



30.8 
30.8 



0. 104 
0.061 



20 

53. 



0.017 86 



0 
1 
9 



3 
3. 
3. 
3. 
2. 

0. 
0. 

0 
0. 
0. 



05 
05 
.05 
.05 
.59 

44 

30 
30 
41 
16 



q/km 1 / % 2 
0.236 



15 



0 
0 
0 
0 
1 



0.02 



32 
32 
7 
64 
95 



0.088 
0.069 
0.083 
0.068 
0.082 

0. 114 

0.065 

0.048 

0.06 

0.05 

0.088 



62.7 
70.8 
64.8 
71.2 
65.3 



43 
57.9 
47.4 
56.1 
22.8 
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TABLE II-A (Cont. ) 
Tp „ Results for Audi 10 0 Diesel Automobile 
_ - Carbon 

Hydrocarbons Monoxide 

Test Cata- Pt Load. 
P 3 rt lvst q/ft ^ LA* 
CYCLE 
"A" None 

C-5 5.0 

C-6 10.0 

E-4 2.5 

E-5 10.0 

C-7 40.0+ 



Particulates 
q/km 1 / % 2 



0.428 




1.4 




0.148 




0.320 


25.2 


1.3 


7.1 


0.073 


50.7 


0.300 


29.9 


1.3 


7.1 


0.056 


62.2 


0.132 


69.2 


1.37 


2.1 


0.068 


54.1 


0.107 


75.0 


1.21 


13.6 


0.057 


61.5 


0. 178 


58.4 


0.96 


31.4 


0.085 


42.6 



1 Emissions in exhaust. 

2 Percent of emissions converted to innocuous sub- 



Emissions 
Percent o 
stances by catalytic treatment. 



TABLE I IH 
Tocf Results for MPrcedes Benz 



Test Cata- Pt Load 
Part lyst 



ECE 



EUDC 



Hydrocarbons 
q/km 1 



20Q D Diesel 
Carbon 
Monoxide 



/ % 2 q/km 1 / % 2 



None 




0.07 




0.9 




C-X 


2.0 


0.07 


0 


0.88 


2.2 


C-5 


5.0 


0.07 


0 


0 .86 


4.4 


C-6 


10.0 


0.065 


7.1 


0.75 


17 


E-4 


2.5 


0.008 


89 


0.9 


0 


E-5 


10.0 


0 .006 


91 


0.8 


11 


None 




0.031 




0.31 




C-x 


2.0 


0.02 


35 


0.17 


45 


C-5 


5.0 


0.006 


81 


0.1 


68 


C-6 


10.0 


0.006 


81 


0.08 


74 


E-4 


2.5 


0.017 


45 


0.21 


32 


E-5 


10.0 


0.004 


87 


0.1 


68 



Automobile 
Particulates 

g/km 1 / % 2 
0.125 



0.09 

0.09 

0.09 

0.095 

0.095 

0.097 

0.071 

0.06 

0.064 

0.064 

0.07 



28 
28 
28 
24 
24 

27 
38 
34 
34 
28 
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TABLE II-RfPnnt j 
Test Results for Mercedes ^ 2 Q0d pj^i 

Carbon 

Hydrocarbons Monoxide Particulates 
» Test Cata- Pt Load. ~~ 

"A" None 

C-X 2.0 
10 C-5 5.0 

C-6 10.0 
E-4 2.5 
E-5 10.0 



20 



25 



30 



35 



0.045 




0.52 




0. 107 




0.038 


16 


0.43 


17 


0.078 


27 


0.029 


36 


0.33 


37 


0.071 


34 


0.027 


40 


0.32 


38 


0.073 


32 


0.014 


69 


0.46 


12 


0.075 


30 


0.005 


89 


0.35 


33 


0.078 


27 



15 1 

2 



Emissions in exhaust. 

Percent of emissions converted to innocuous sub- 
stances by catalytic treatment. 
From the data in the foregoing TABLES II-A and II-B 
it can be seen that samples E-4 and E-5 according to the 
Present invention gave higher gas-phase hydrocarbon con- 

rH 51 ?™ 3 * 011 ' 80%> ^ ^ ECE Part ° f the *est f°r the 
Audi 100 automobile than comparative catalysts C-5, c-6 
having comparable platinum loadings but without Fe-Beta 
zeolite, and without significant gain in SO, oxidation. 
Further, catalysts E-4 and E-5 according to the present 

thir^K 0 " 9aVe bettSr hydrOCarbon conversion performance 
than the commercial catalyst C-7, which has a much higher 
platinum loading. 9 

antn h ° tter EUDC P art ° f the test, on the Audi 100 

automobile, catalyst samples of the present invention 
(E-4 e-5, exhibited superior particulates removal com- 
pared to the comparative commercial catalyst C-7, as did 
the comparative catalysts C-5 and C-6. This is probably 
due to the high degree of SO, oxidation caused by the high 
Platinum loading of the commercial catalyst, the resulting 
sulfate make adding to the mass of the particulates. 
Overall the catalysts according to the present invention 
(E-4, e-5) gave better gas-phase hydrocarbon conversion 
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and particulates removal than the comparative cohere ial 
catalyst (C-7, and the comparative catalysts (C-S C-6) 

The overall performance of the catalysts for Cycle A 
was slightly better than the comparative samples. 
5 The results for the ECE portion of the tests on the 

" Mercedes Benz automobile also show that catalysts accord- 
ing to the invention (E-4, E-S) had superior low tempera- 
tuL aas- P hase hydrocarbon conversion while 
acceptable particulates conversion. It xs noted that all 
10 the catalysts except E-4 exhibited ^^"^/^^ 
in CO conversion, in comparison to the Audi 100 test The 
improvement is attributed to the difference xn exhaust 
temperature between the respective vehicles (on average 
10° C higher for Mercedes than for Audi), highlighting the 
15 temperature sensitivity of CO conversion actxvxty. The 

overall Cycle A results for the catalysts of the xnventxon 
are substantially better than the comparative samples due 
ro the better overall hydrocarbon conversion wxth compara 
ble CO and particulates conversion. The better total par- 
ticulates conversion rates exhibited for the Audx automo- 
bile relatxve to the Mercedes automobile can be attrxbuted 
to the lower VOF content of the Mercedes exhaust as com- 
pared to the Audi exhaust. 

Example 4 
Examples of Ceria-Alumina With 
P< -^ a zeolite and Pt-Fe-Beta Zeolite 

A Platinum ion-exchanged Beta zeolite was prepared 
by stirring 100 grams of Beta zeolite powder into a water 
solution contaxnxng 0.85 grams tetraammine platxnum [II] 
chloride in 500 ml water. The resulting slurry was sto- 
red and allowed to stand for 24 hours, and then 
washed with 1 liter of water, dried overnxght at 100 C and 
calcined at 540°C for 2 hours. The resultxng Pt-Beta zeo- 
lite material contained 0.48% platinum by weight 

A catalyst slurry was prepared comprxsxng 33« by 
weight (dry basis, of the Pt-Beta zeolite and 67% (dry 
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in" / miXtUre ° f e<3Ual PartS by Wei ^ ht ° f ^ria hav- 

ing a surface area of 14 3 mVg and y-alumina having a sur- 
face area of 150 mVg. The slurry was coated onto a hon- 
eycomb carrier to provide a loading of 2 g/in 3 using 10% 
by weight additional y-alumina as a binder. The coated 

aIr e ir^o^% eXPOSed ^ 3 9aSe ° US miXtUre ° f 10% ste - - 
air at 4 00 C for 4 hours. This catalyst contained 10g/ft 3 

Pt and was designated E-6. 

10 . , B " BGta zeolite was ion-exchanged with iron and 

then with platinum as generally described in Example B to 
yield a Beta zeolite comprising 1.65% by weight iron and 
0.5 . by weight platinum. The resulting Pt-Fe-Beta zeolite 

15 ZT* 5 lnt ° 3 SlUri " y C ° m P ris ing 33% by weight 

(dry basis, Pt-Fe-Beta zeolite and 67% (dry basis, of a 

IreTof V^: 1 PartS ^ WSi9ht ° f CSria havin * * s ^-e 
area of 143 m /g and y - alumina having fl surface ^ Qf 

150 m /g The slurry was coated onto a honeycomb carrier 

20 binder Th 9 * ^ addition ^ alumina as a 

binder This catalyst contained 10 g/f t > Pt and was de- 
signated E-7. 



25 



30 



35 



C. Catalysts E-6 and E-7 were tested in a diagnos- 
tic reactor through which a test stream identical to that 
described xn part C. of Example 2 was passed. The hep- 
tane carbon monoxide and SO, conversion rates were noted 
at the inlet temperatures of the test stream set forth be- 
low ln TABLE II!, in which the results _ ^ 



% Heptane at °C 
Cat. 150 200 275 350 

E-6 3.3 3.5 13 93 

E-7 4.0 2.0 8.6 88 



TABLE III 
Conversion 

% CO at °C 
150 200 275 350 

1-5 7 97 100 

0 43 100 100 



% S0 2 at °C 



2-6 0 25 52 



9.0 2 18 53 
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The data of TABLE III show both catalysts E-6 and E-7 
were effective for the conversion of heptane and carbon 
monoxide, and that sample E-7 exhibits superior carbon 
monoxide convers.cn at 200°C and above 
5 e-6, while providing comparable performance with respect 

to heptane conversion and S0 2 oxidation. 

Lube pjj K„ c rinn Test and Test Results 

ilH ^rmany diesel engines the VOF in the diesel exhaust 
consists mainly of diesel lube oil which has been swept 

10 fro. the cylinder walls and comes through valve guides and 

turbocharger seals. A laboratory test was used to evalu 
ate the relative performance of the catalyst powders of 
Example 5 below for burning diesel lube oil, as a .node of 

15 the ability of the corresponding catalyst to catalyze the 

oxidation of the VOF in diesel engine exhaust This test 
allows for the relative ranking of catalyst «^«^J or 
their effectiveness of burning lube oil via the interac- 
tions between the catalyst and lube oil as they are heated 

together in air. 

Thus , a catalyst powder sample is mixed uniformly 
with a measured amount of lube oil. The mixture of cata- 
lyst and lube oil (about 10-30 mg) is placed into the 
quartz sample pan of a simultaneous TGA/DTA instrument 
(Thermal Sciences STA 1500) and heated in flowing air 
using a standard heating ramp (20°C/min.) from ambient 

t-pmnerature to 1000 C. 

The collected data, cumulative weight loss ( TGA ) and 
heat evolution ( DTA ) as a function of temperature are 
30 normalized for the weight of catalyst sample and the 
amount of lube oil present. The total weight 
measured is made up of water loss which occurs at about 
10 0°C or less and lube oil loss either by volatilization 

w ^-^o The water loss occurs in a discrete 
or by combustion. me wduex 

35 step and can be thus differentiated from the lube oil^ 

losses. The exotherm (DTA Peak) is a measure of the lube 
oil loss due to combustion of the lube oil. These . data 
are used to calculate a DTA Peak Area ( uv-sec/mg-catalyst 
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sample/mg-lube oil, which is used as the key measure of 
the catalyst's ability to catalyze the combustion of VOF 
(lube oil ) m this test. Tests have been conducted in 
which catalyst powders were used to catalyze the combus- 
tion of lubricating oil and the same catalytic powders 
were used to prepare catalysts supported on a substrate 
Tests of such catalysts on diesel engine exhausts showed 
good correlation between the performance of the catalyst 
powder m the laboratory TGA and DTA • tests and the per- 
formance of the corresponding catalyst in the engine test. 

Example 5 
TGA/DTA Lube Oil Combustion Test 
Fcc Cat rceria/zeolite) 



A. 



A catalyst material according to the present in- 
vention designated E-8 comprised a mixture of 50% by 

Ina'soVH 1 " " ria haV±ng 9 BET SUrfaCe area of 143 - 2 / g 
20 tul t " WS19ht ZSM ' 5 H " 2eolite »y -ight of the mix! 

ZSM 5 , CatalySt by mixin * the -ria and 

ZSM-5 powders, drying overnight at 100°C and calcining at 

4 50 c for three hours. The catalyst material was wetted 

wxth a quantity of Cummins SAE 15 W/40 Premium blue diesel 

engxne lube oil equal to 4% of the weight of the teollll 

and was then placed in a TGA/DTA analyzer. The results 

are set forth in the attached Figure 10. 

»™>n B *h A Sei " ieS ° f ° thSr catal y-t materials was 

prepared as generally described in Part A above, and were 
designated E-9 through E-15, respectively. The first 
three of these, E-9, E -io and E-li, comprised mixtures of 

had L h 1 " 9 3 SUrfaCS area ° f 143 mV9 ° n which Platlan. 
had been dispersed by the incipient wetness method to pro- 
vide 0.5 percent platinum thereon by weight of ceria plus 
Platinum (Pt/Ceria) with H-Mordenite, Pe-Beta zeolite and 
H-ZSM-5, respectively. m each case, equal weights of 

IndTlS T, 2e ° lite USSd ' SamplSS E - 12 ' E - 13 ' 

and E-15 all comprised mixtures of zeolites, ceria and 
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alumina, in which mixtures of equal weights of ceria plus 
alumina comprised 67% of the weight of the catalytic ma- 
terial, the zeolite (including doped metals) accounts 
for 33% by weight of the catalytic material In these 
samples, the zeolites were doped by ion-exchange with^O 6 
percent pl.tim* by weight of the zeolite «" 
in these examples were Pt-ZSM-5, Pt-Y-zeolite , Pt-Fe Beta 
zeolite and Pt-H-Beta zeolite, respectively. 

The ability of each of these sample materials to cat 
alyze the combustion of the lube oil was tested using 
thermogravimetric analysis and differential temperature 
analysis (TGA/DTA) techniques. In TGA/DTA studies, the 
heat absorbed or released and the weight lost by a sample 
as a function of temperature are recorded simultaneously 
15 and can be used to evaluate the capability of the material 
to catalyze the combustion of the lube oil. Since as 
discussed above, lube oil constitutes a significant por- 
tion of the VOF particulates in diesel engine exhaust, the 
results of the TGA/DTA study of lube oil-doped ferial 
reflects the ability of the material to combust the VOF 
particulates. The amount of lube oil added to ^mate- 
rial (10% by weight) is far in excess of the amount of VOF 
hydrocarbons chat a diesel catalyst would ordinarily be 
exposed to in the time frame of this test, but this quan- 
tity is used so that reproducible results may be obtained 
fr-om this test. Each oil-wetted sample was placed in a 
Quartz pan sample holder located inside an STA/1500 Simul- 
taneous Thermoanalyzer and heated in air at a rate o 
20°C/min. from room temperature to 1000°C. The sample 
weights varied between 30 and 10 milligrams. For compari- 
son, a like quantity of lube oil was placed in the analy- 
sis chamber so that the TGA/DTA curves could be corrected 
for water loss and vaporization. 

in Figure 10, the ordinate on the left-hand side of 
the Figure relates to the lower curve and shows changes m 
the weight of the sample of oil-wetted material relative 
to temperature. The ordinate on the right-hand side of 
the Figure relates to the upper curve and shows the heat 
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released from the sample per m ill igram of sarnple (catal 

Pius iube oi1) at various tempGratures The qu J 

heat xs measured by a thermocouple and is expressed in mi- 
crovolts per milligram of catalyst plus lube oil. The 
distinct rise in heat release at about 200°c indicates, the 
commencement of catalytic oxidation of the wetted oil as 
does the loss i„ weight of the sample. One indication of 
the catalytic activity of the test material is the area 
under the DTA plot, referred to in TABLE IV as the DTA 

ZZ J area iS ° btained by ^""ng ^e area 

under the curve and dividing by the lube oil weight loss 

as measured by TGA . The units are thus measured in micro- 
volt-seconds (generated by a thermocouple in response to 
the temperature change) per milligram of catalyst sample 
IS per mxll.gra. of i uoe oil . The ^ ^ ^^/^ 

uv-s/mg/mg- ln TABLE IV. Generally, the more catalytic- 
ally active the material, the greater is the DTA area: 
that xs, the greater is the heat release generated by com- 
bustxon of the lube oil as compared to the total amount" 

ZZlll 1Ube l0SS f«- combustion p^s 

atlxzaxon,. The following TABLE IV shows the DTA 
area for all the samples tested in this example. 
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TABLE IV 

Sample f Percents r y Weioht) rvr» * 

E^8 Km r n i "eiqnt| DTA Area uv-s/mq /mg 

< 50% c eO ; plus 50% ZSM-5) ^ H 

E-9 (50% Pt/CeO : plus 50% H-Mordenite, 10 100 

E-10 (50% Pt /Ce0 2 plus 50% Fe -Beta Z, 4 'q00 

E-ll (50% Pt /Ce0 2 plus 50% H-ZSM-5, g'^O 

30 E-12 (67% ( Al i0) /Ce0 2 3* plus 33% Pt-ZSM-5) 2 'g 75 

E-13 (67% [ A1 5 0 3 /Ce0 2 ]* P 1 US 33% Pt-Y-Z , 

I'll ( ( 67% lli'n?* 0 ^* PlUS " % Pt —eta Z, 10^00 

E 15 (67% [Al 2 0 3 /Ce0 2 ]* plus 33% Pt-H-Beta Z, 10 ,630 

* 50% A1 2 0, plus 50% CeO, 

The data of TABLE iv show that a variety of zeolites 
can be combined with ceria or ceria and alumina to yie^d 
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materials that are catalytically active for the combustion 
of lube oil. Such catalytic activity, as discussed above, 
is indicative of the ability to reduce the VOF content of 
diesel exhaust. 

5 While the invention has been described in detail with 

respect to specific preferred embodiments thereof it will 
be appreciated that variations thereto may be made which 
nonetheless lie within the scope of the invention and the 

10 appended claims. 



15 



20 



25 



30 



35 



WO 94/22564 

PCT/US94/01926 



-38- 
THE CLAIMS 



What is claimed is: 

1. A catalyst composition for treating a diesel eng- 
ine exhaust stream containing a volatile organic fraction 
comprises a refractory carrier on which is disposed a 
coatxng of a catalytic material comprising a catalytically 
effective amount of ceria having a BET surface area of at 
least about 10 mVg and a catalytically effective amount 
of a zeolite. 

2. The catalyst composition of claim 1 further in- 
cluding a catalytically effective amount of alumina having 
a BET surface area of at least about 10 mVg. 

3. The catalyst composition of claim 1 wherein the 
zeolite comprises a three-dimensional zeolite character- 
ized by pore openings whose smallest cross-sectional di- 
mension is at least about five Angstroms and having a sil- 
icon to aluminum atomic ratio of greater than 5. 

4. The catalyst composition of claim 1 wherein the 
zeolite comprises Beta zeolite. 

5. The catalyst composition of claim 1 wherein the 
zeolite is selected from the group consisting of Y-zeo- 
Ixte, pentasil, Mordenite, and mixtures thereof. 

6. The catalyst composition of claim 3, claim 4 or 
claim 5 further including a catalytically effective amount 
of alumina having a BET surface area of at least about 10 
m /g. 
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7 The catalyst composition of claim 2, claim 3 or 
claim 4 wherein the zeolite comprises from about 10 to 90 
percent by weight, the alumina comprises from about 60 to 
5 percent by weight, and the ceria comprises from about 60 
to 5 percent by weight, of the combined weight of the zeo- 
lite, the alumina and the ceria. 

8 The catalyst composition of claim 2, claim 3 or 
claim 4 wherein the zeolite comprises from about 20 to 70 
percent by weight, the alumina comprises from about 50 to 
20 percent by weight, and the ceria comprises from about 
50 to 20 percent by weight, of the combined weight of the 
zeolite, the alumina and the ceria. 

9 The catalyst composition of claim 1, claim 2, 
claim 3 or claim 4 wherein the zeolite is doped with a 
catalytic moiety selected from the group consisting of one 
or more of hydrogen, platinum, rhodium, palladium, ruthe- 
nium, osmium, iridium, copper, iron, nickel, chromium and 
vanadium. 

10. The catalyst composition of claim 9 wherein the 
zeolite is doped with the catalytic moiety by ion-exchang- 
ing the zeolite with cationic catalytic moiety. 

11. The catalyst composition of claim 9 wherein the 
catalytic moiety comprises one or both of platinum and 



iron. 



12. The catalyst composition of claim 11 wherein the 
refractory carrier has a plurality of parallel exhaust 
flow passages extending therethrough and defined by pas- 
sage walls on which the catalytic material is coated, and 
the catalytic moiety comprises platinum and is present in 
a quantity sufficient to provide from about 5 to 60 g/ft 
of platinum. 
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13. The catalyst composition of claim 9 wherein the 
refractory carrier has a plurality of parallel exhaust 
flow passages extending therethrough and defined by pas- 
sage walls on which the catalytic material is coated, and 
the catalytic moiety comprises from about 2 to 60 g/ft 3 
platinum and from about 5 to 50 g/ft 3 iron. 

14. The catalyst composition of claim 2, claim 3 or 
claim 4 wherein the zeolite is disposed in a discrete lay- 
er which is overlain by one or more discrete layers con- 
taining the alumina and the ceria. 

15. The catalyst composition of claim 1, claim 2, 
claim 3 or claim 4 wherein the refractory carrier has 'a 
plurality of parallel exhaust flow passages extending 
therethrough and defined by passage walls on which the 
catalytic material is coated, and the ceria and alumina 
eacn has a BET surface area of from about 25 mVg to 200 
m /g. 

16. The catalyst composition of claim 1, claim 2, 
claim 3 or claim 4 wherein the refractory carrier has 'a 
plurality of parallel exhaust flow passages extending 
therethrough and defined by passage walls on which the 
catalytic material is coated, and further comprising dis- 
persed platinum carried on the catalytic material in an 
amount of from about 0.1 to about 60 g/ft 3 . 

17. The catalyst composition of claim 16 wherein the 
dispersed platinum is present in the amount of from about 

0.1 to 5 g/ft ; . 

18. The catalyst composition of claim 15 wherein the 
refractory carrier has a plurality of parallel exhaust 
flow passages extending therethrough and defined by pas- 
sage walls on which the catalytic material is coated, and 
at least a catalytically effective amount of the dispersed 
platinum is carried on the ceria. 
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19. The catalyst composition of claim 1, claim 2, 
claim 3 or claim 4 wherein the refractory carrier has a 
plurality of parallel exhaust flow passages extending 
therethrough and defined by passage walls on which the 
catalytic material is coated, and further comprising dis- 
persed palladium carried on the catalytic material in a 
quantity of from about 0.1 to 200 g/ft 3 . 

20. The catalyst composition of claim 19 wherein the 
dispersed palladium is present in an amount of from about 
20 to 120 g/ft . 

21. A method for treating a diesel engine exhaust 
stream containing a volatile organic fraction comprises 
contacting the stream with a catalyst composition under 
oxidizing conditions including a temperature high enough 
to catalyze oxidation of at least some of the volatile or 
ganic fraction, the catalyst composition comprising a cat 
alytically effective amount of ceria having a BET surface 
area of at least about 10 m 2 /g and a catalytically effec- 
tive amount of a zeolite. 

22. The method of claim 21 wherein the catalyst com- 
position further comprises a catalytically effective 
amount of alumina having a BET surface area of at least 
about 10 m /g - 

23. The method of claim 21 wherein the zeolite com- 
prises a three-dimensional zeolite characterized by pore 
openings whose smallest cross-sectional dimension is at 
least about 5 Angstroms and having a silicon to aluminum 
atomic ratio of greater than 5. 

24. The method of claim 21 wherein the zeolite com- 
prises Beta zeolite. 
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25. The method of claim 21 wherein the zeolite is 
selected from the group consisting of Y-zeolite, pentasil, 
Mordenite and mixtures thereof. 

26. The method of claim 23, claim 24 or claim 25 fur- 
ther including a catalytically effective amount of alumina 
having a BET surface area of at least about 10 m 2 /g. 

27. The method of claim 26 wherein the zeolite com- 
prises from about 10 to 90 percent by weight, the alumina 
comprises from about 60 to 5 percent by weight, and the 
ceria comprises from about 60 to 5 percent by weight, of 
the combined weight of the zeolite, the alumina and the 
ceria. 

28. The method of claim 21 or claim 22 wherein the 
zeolite is doped with a catalytic moiety selected from the 
group consisting of one or more of hydrogen, platinum, 
rhodium, palladium, ruthenium, osmium, iridium, copper, 
iron, nickel, chromium and vanadium. 

29. The method of claim 2 8 wherein the zeolite is 
doped with the catalytic moiety by ion-exchanging the zeo- 
lite with a cat ionic catalytic moiety. 

30. The method of claim 28 wherein the catalytic moi- 
ety comprises one or both of platinum and iron. 

31. The method of claim 21 or claim 22 wherein the 
refractory carrier has a plurality of parallel exhaust 
flow passages extending therethrough and defined by pas- 
sage walls on which the catalytic material is coated, and 
the catalytic moiety comprises platinum and is present in 
a quantity sufficient to provide about 5 to 60 g/ft 3 of 
platinum . 
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32 . The method of claim 22 wherein the zeolite is 
disposed in a discrete layer which is overlain by one or 
more discrete layers containing the alumina and the ceria. 

33. The method of claim 22 wherein the ceria and the 
alumina each has a BET surface area of from about 25 m 2 /g 
to 200 m 2 /g. 

34. The method of claim 2l or claim 22 wherein the 
refractory carrier has a plurality of parallel exhaust 
stream flow passages extending therethrough and defined by 
passage walls on which the catalytic material is coated, 
and the catalyst material further comprises dispersed 
platinum carried thereon in an amount of from about 0.1 to 
60 g/ft 3 . 

35. The method of claim 34 wherein the dispersed 
platinum is present in the amount of from about 0.1 to 5 
g/ft 3 . 

36. The method of claim 34 wherein at least a cata- 
lytically effective amount of the dispersed platinum is 
carried on the ceria. 

37. The method of claim 21 or claim 22 wherein the 
temperature of the exhaust stream initially contacted with 
the catalyst composition is from about 100° C to 800°C. 

38. The method of claim 21 or claim 22 wherein the 
refractory carrier has a plurality of parallel exhaust 
stream flow passages extending therethrough and defined by 
passage walls on which the catalytic material is coated, 
and the catalytic material further comprises dispersed 
palladium carried thereon in the amount of from about 0.1 
to 200 g/ft 3 . 
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